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Gas  Phase  Recombination  of  Hydrogen 
A  Comparison  Between  Theory  and  Experiment 

Ven  H.  Shui  and  John  P.  Appleton 
Massachusetts  Institute  of  Technology,  Cambridge,  Massachusetts 


ABSTRACT 

The  modified  phase- space  theory  of  rsactlon  rates  has  been  used 
to  calculate  the  three-body  recombination  and  dissociation  rate  coeffi¬ 
cients  of  hydrogen  in  the  presence  of  Hj,  He,  Ar,  and  Xe  collision 
partners.  The  theoretical  pradlctlons,  which  rely  on  aeml-esiplrlcally 
derived  Interatomic  potential  Information,  ara  shown  to  ba  In  axcellent 
agreement  with  the  measured  rate  coefficients  over  wide  temperature 
ranges. 

I.  INTRODUCTION 

Tha  kinetics  of  the  three-body  recombination  and  dissociation  of 
hydrogen  In  the  presence  of  various  collision  partners,  particularly 
has  been  quite  extensively  studied  over  the  past  several  decades  using 
flow-tube  apparatus,  flames,  and  shock  tubes.  Unfortunately,  the  general 
lack  of  agreement  between  the  measurements  within  any  ona  temperature 
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range  has  randered  the  task  of  assessing  the  merits  of  the  correspond¬ 
ing  dissociation  and  recombination  rata  theories  rather  difficult.  How¬ 
ever,  by  relying  on  the  obvious  preferences  of  some  recent  reviewers 
and  active  Investigators, ^*”*^  we  have  concluded  that  reasonable  limits 
can  be  set  which  bracket  the  probable  values  of  the  rate  coefficients 
over  limited  temperature  ranges.  For  instance,  at  roost  temperature 
(*\<  300  °K)  we  believe  that  the  more  recent  determinations  of  the 
recombination  rate  coefficient  for  the  H  +  H  +  system  are  probably 
tha  most  accurate.  Such  a  view  sets  the  probable  limits  on  the  value 
of  k^H2^  at  about  A. 7  and  9. A  x  10“**  cm*  molecules**2  sec.”*  The  most 
recent  measurements  of  k^*V  by  Ham,  Tralnor,  and  Kaufman ^  are  of 
particular  value  because  they  show  a  clearly  resolved  temperature  depen¬ 
dence  over  the  range  77°  -  298°K,  the  duplication  of  which  should  be  a 
crucial  test  of  any  recombination  rate  theory. 

The  high  temperature  shock-tube  measurements  of  the  dissociation 
rate  coefficients  also  exhibit  some  variation  between  the  different 
groups  of  Investigators,  but  it  la  to  be  noted  that  of  the  six  Indepen¬ 
dent  studies^2”*2^  of  k^2^  reported  since  1961,  the  four  most  recent  ^”*2^ 

give  values  which  fall  within  the  upper  and  lower  bounds  suggested  by  the 

(12) 

csreful  measurements  of  Hurle,  Jones,  and  Roaenfeld.  These  bounds 
span  a  factor  of  about  2.5  at  3000°K  and  Increase  to  about  a  factor  of 
5  at  the  extreme  temperature  of  7000 °K. 

In  previous  publications ^**'  *^  we  have  compared  the  predictions 
of  the  modified  phase-3pace  theory  of  reaction  rates  with  the  experimental 
measurements  for  a  variety  of  diatomic  gases  where  the  collision  partner 
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wes  a  relatively  Inert  argon  atom.  The  eucceee  of  the  theory  In  corre¬ 
lating  both  the  low  temperature  recombination  rate  measurements  and 
high  temperature  dissociation  rate  measurements  vss  quite  substantial. 
Detailed  discussions  of  the  phase-space  theory  can  be  found  In  Keck's 
earlier  trork,^1^  Rice's  book,  and  in  the  two  references  cited  above. 
Our  primary  purpose  In  this  psper  will  be  to  describe  how  we  applied 
the  theory  to  the  reactions: 


U  +  H  +  H2 


(H2 
- -  2  H 

<“2 


(1) 


In  carrying  out  these  calculations  ws  have  relied  on  theoretical 
quantum  mechanical  descriptions  of  the  H  +  H2  potential  energy  surface, 
aemi-emplrlcel  descriptions,  and  molecular  beam  scattering  meesurements 
of  H  on  K2  obtained  at  thermal  energies.  Such  Information  constrains 
the  values  of  the  potential  energy  surface  parameters  which  appear  in 
the  phase-space  theory  to  such  limited  ranges  of  probable  uncertainty, 
that  the  comparison  of  our  predictions  of  the  rate  coefficients  with 
the  experimental  measurements  must  be  regarded  as  a  crucial  test  of  the 
theory. 

We  shall  also  present  theoretical  predictions  of  the  recomblnetlon 
rate  coefficients  for  hydrogsn  atoms  in  ths  presence  of  the  noble  gas 
collision  partners  He,  Ar,  and  Xe,  again  using  the  best  estimates  of 
the  potential  energy  surfece  Information.  Comparisons  with  the  limited 
experimental  data  will  also  be  made. 
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II.  HYDROGEN  MOLECULE  AS  THIRD  BODY 
The  modified  phase-space  theory  was  developed  for  three-body  systems, 
whereas,  reactions  (1)  actually  Involve  a  four-body  system.  However,  we 
first  recognize  that  even  at  the  high  temperatures  of  shock-tube  rate  meas¬ 
urements,  most  of  the  third-body  hydrogen  molecules  are  in  their  ground 
vibrational  state.  In  addition,  estimates  of  the  H  +  H2(v  ■  0)  interaction 
potential,  which  we  shall  discuss  below,  suggest  thet  the  total  potential 
energy  is  not  strongly  dependent  on  the  relative  orientation  of  the  H  atom 

and  the  H2  molecule  for  interatomic  separations,  r^  ,  greater  then  about 
o  2 

2  A.  Therefore,  to  a  good  approximation,  it  should  be  possible  to  treat 

the  11  +  H2  (v  »  0)  potential  energy  surface  as  being  spherically  symmetric 

and,  thereby,  reduce  the  four-body  problem  to  an  effective  three-body  prob- 
o 

lem  for  rJ1+H  £  2  A.  Monte-Carlo  trajectory  calculations  based  on  this 

model  of  the  H  +  b  +  system  demonstrate  that  for  typical  reactive  colll- 

o 

slons  which  lead  to  recombination,  the  condition  r .  £  2  A,  is  satisfied 

ntr.2 

and  that  the  collision  times  are  many  times  longer  (>  100)  than  the  ground 
vibrational  period  of  H2*  Hence,  it  appeared  reasonable  to  regard  the 
Internal  motions  of  the  H2  third  bodies  as  being  inconsequential  Insofar 
as  they  would  have  no  effect  on  the  motion  of  the  recombining  atoms.  We 
have  thus  treated  the  third-body  hydrogen  molecules  as  "frozen"  particles 
having  a  mass  of  2  a.u. 

Various  potential  energy  surfaces  heve  been  proposed  for  the  H^  system, 

both  purely  theoretical  ^”20)  and  semi-empirical ^1-24)  gurfaceg#  jn 

principle  one  should  be  able  to  extract  information  about  the  potential 

parameters  for  the  H  +  H2(v  ■  0)  interaction  by  setting  two  of  the  hydrogen 

6 

atoms  at  their  equilibrium  separation,  r  ■  0.74  A,  and  then  calculetlng  the 

© 
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potentlel  energy  for  verloue  positions  of  the  third  eton.  Margenau 

hss  sctuslly  csrrlsd  out  s  first-order  perturbstlon  celculstlon  for 

both  the  llnesr  end  trlsngulsr  configurations  end  obtained  s  potential 

o 

energy  minimum  at  r  *  3.17  -  3.55  A,  having  a  well  depth 

UUJJJ  /k  *  23°  -  38°K.  Unfortunately,  even  the  more  recent  celcula- 

nttlj 

tlons  ere  still  not  accurate  enough  to  provide  completely  reliable 
values  of  the  potential  parameters  required.  For  example,  Shevltt 
et  el.^26^  estimated  that  r#  ^  *  3.54  A  end  UH+H  /k  *  13°K,  but 
pointed  out  that  the  well  depth  wee  not  eccurately  determined.  How¬ 
ever,  the  existence  of  e  minimum  does  appear  to  be  established;  thus 

o 

we  have  arbitrarily  assumed  r  ■  3.4  A,  since  the  probable 

e, htiu 

+  0  * 

uncertelnty  of  -  0.2  A  would  have  no  profound  quantitative  effect  on 
our  results. 

Elastic  scattering  of  thermal  energy  beams  Is  a  source  of  relevant 

Information  concerning  the  potential  minimum.  In  particular,  Herschbach 
(27  28) 

and  hie  co-workers  *  have  deduced  from  the  velocity  dependence  of 

_  o 

total  scattering  cross  sections  for  H  on  H2  that  (Ur  ~  130  KA. 

o  2  0 

Using  the  previous  estimate  of  re  *  3.4  A,  we  obtain  U}[411  /k  *  38  K. 
As  In  reference  (13),  we  have  used  the  Morse  form: 

V(r)  -  U{1  -  axp[-  6(r  -  r  )]}2  -  U  (2) 


to  describe  the  H  +  H,  pair-wise  Interaction  potential  where  r  .....  ■  3.4  A, 

*  etrltn* 

o  ^  o^i 

and  / k  ■  38  K.  The  remaining  potential  parameter,  *  1.48  A  , 

was  chosen  so  that  it  matched  the  slope  of  the  repulsive  exponential 

(29) 

potential  which  was  deduced  by  Vanderslice  and  Mason  using  their  semi- 
emplrlcal  "perfect  pairing"  procedure.  The  Morse  curve  given  by  the 
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above  sac  of  potential  parameters  Is  shown  In  Figure  1  together  with 

the  Marganau  and  Vandersllce  and  Mason  portions  of  the  potential. 

The  affective  two-body  potential  for  the  H  +  Hj  system,  given 

by  Equation  2,  and  the  potential  for  the  ground  state  (V)  of  H2, 

which  was  also  represented  by  a  Morse  form  (uH+H/k  ■  55200°K, 
o  e»i 

r^  -  0.74  A,  @  «  1.92  A  )were  combined  to  yield  the  effective 'dumb¬ 
bell"  three-body  potential  of  the  H  +  H  +  H2  system.  The  calculation 
(H  ) 

of  2  was  then  carried  out  In  the  same  manner  as  described  In 
reference  (13). 

Figure  2  shows  tha  comparison  of  our  theoretical  prediction  of 
2  (full  line)  with  the  various  experimental  data.  Although  the 
shock  tube  results  were  primarily  reported  In  the  form  of  dissociation 
rate  coefficients,  k^  2  ,  we  hava  used  the  equilibrium  constant: 

K#  -  k^V/k^^V ,  to  effect  a  comparison  In  Figure  2. 

Our  theoretical  values  of  k^  2  appear  to  be  about  30  per  cant 
lower  In  absolute  magnitude  than  the  recent  low  temperature  recombina¬ 
tion  rate  measurements  of  Ham,  Tralnor,  and  Kaufman^  although,  as  can 
be  seen  from  the  Inset  In  Figure  2,  the  theory  reproduces  tha  temperature 

dependence  remarkably  well.  At  high  temperatures  the  prediction  Is  well 

(12) 

within  the  experimental  bounds  set  by  Hurle,  Jones,  and  Rosenfeld 
and  Is  about  SO  per  cent  lower  than  the  results  of  Jacobs,  Gledt,  and 
Cohen, and  Sutton. Again,  the  throry  appears  to  duplicate  the 
temperature  dependence  of  all  tha  measurements  to  within  the  probable 
experimental  uncertainties. 
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In  Figure  2  we  alto  show  the  racant  quantum  nachanlcal  "raaonanca 
thaory"  pradlctlon  of  k^  2  by  Roberts,  Bernstein, and  Curtiss.  This 
thaory  aasuoas  recombination  to  occur  via  tha  "anargy  tranafar"  mechanism; 
l.a.  | 


H  +  H  i - *  H2 

(3a) 

H2  ♦  M  Hj  +  M 

(3b) 

whara  tha  ara  ralatlvaly  long  lived  "orbiting  raaonancaa"  having 
anarglaa  graatar  than  tha  dlaaoclatlon  anargy  but  which  ara  imbedded  In 
tha  contlnuusi  by  tha  rotational  barrlar.  Tha  orbiting  raaonancaa  ara 
aasuMd  to  be  formed  by  quantum  mechanical  tunneling  through  tha  rota¬ 
tional  barrlar.  By  Identifying  certain  Important  resonant  states,  tha 
colllalonal  de-excltatlon  of  which  rapreaants  tha  rate-limiting  step 
for  recombination  to  tha  truly  bound  states  h£,  Roberts,  Bernstein, 
and  Curtiss  were  able  to  compute  tha  net  recombination  rate  coeffi¬ 
cient  In  terse  of  tha  de-sxcitatlon  cross  sections  of  tha  resonant 
states ;  these  vara  calculated  using  approximate  quantum  nachanlcal 
methods. 

Although  tha  phase-space  thaory  Is  purely  classical.  It  too  embodies 
tha  anargy  transfer  mechanism,  but  because  va  assume  that  tha  H  + 
Interaction  potential  has  an  attractive  minimum,  it  also  takas  account 
of  tha  additional  "chaperone  mechanism";  l.a., 

H  +  H2  ^=±  H-H2 


H  +  H«H2  ♦  2H2 


(As) 

(Ab) 


8- 


whlch  may  dominate  the  recombination  process  at  low  temperatures.  The 
separate  contributions  of  the  "energy  transfer"  and  "chaperone"  mechanisms 
can  only  properly  be  determined  by  statistical  sampling  of  trajectory 


calculations.  However,  in  order  to  demonstrate  their  relative  importance, 
we  have  computed  k^ll2^  using  the  interaction  potential 


)  -  U  {l  -  exp[-  6 


W«2(r  -  r.)r 


e,H+H2 


By  so  doing,  we  have  eliminated  the  attractive  potential  well  but  have 

retained  the  repulsive  part  of  the  previous  Morse  potential  Intact.  The 

result  of  this  calculation  is  shown  by  the  dashed  curve  in  Figure  2.  The 

difference  between  this  and  the  previous  calculation  is  not  entirely  due 

to  the  chaperone  mechanism  since,  with  a  Morse  potential,  energy  transfer 

can  take  place  both  during  the  repulsive  and  attractive  phases  of  the 

collisions.  However,  it  is  apparent  that  the  attractive  minimum  in  the 

interaction  potential  is  an  Important  consideration  at  low  temperatures. 

Our  calculation  of  k^  2  ,  which  assumes  the  purely  repulsive  interaction, 

shows  no  evidence  of  a  maximum  at  100°K  as  does  the  resonance  theory  of 

(13) 

Roberts,  Bernstein,  and  Curtiss. 

We  have  pointed  out  previously  that  the  major  temperature  dependence 
of  the  low  temperature  recombination  rate  is  determined  by  the  factors 
expOJf^  /kT)  which  appear  explicitly  in  the  expression  for  the  "barrier 
rate  coefficient"  (see  Equation  2.10,  reference  13).  Thus  careful  measure¬ 
ments  of  the  temperature  dependence  of  the  recombination  rate  coefficient 


at  low  temperatures  should  provide  an  estimate  of  the  well  depth  U 


lull  * 

ii  »i*2 


-9- 


(H  ) 

Although,  as  wo  have  mentioned  above,  our  theoretical  prediction  of  k^  2 
does  yield  the  experimentally  detarmlned  temperature  dependence,  the 
results  of  Ham,  Tralnor,  and  Kaufman  do  not  quite  extend  Into  the  very 


low  temper eture  region,  l.e., 

(H  )  “1 

dependence  of  log  k^  2  on  T 


kT  3  U .  ,  where  we  anticipate  a  linear 

nrt^ 

However,  their  observed  temperature 


dependence  clearly  supports  our  assumed  value  for  the  well  depth. 


For  the  given  Interaction  potential  which  we  have  used  here,  the 

|| 

major  uncertainty  In  the  calculation  of  kf2  probably  stems  from  our 

estimate  of  the  "recrossing  correction  factor"  (N/N  ),  and  the  "non- 

o 

equilibrium  correction  factors"  (k/k#),  as  defined  In  reference  13.  The 

(31) 

value  (N/N  )  -  0.4  was  calculated  using  Keck's  seml-emplrlcal  correla 
o 

tlon  formula  which  was  deduced  on  a  statistical  basis  from  the  results  of 


trajectory  calculations .  Little  or  no  temperature  dependence  of  (N/Nq) 
was  observed,  but  we  should  point  out  that  these  trajectory  calculations 


were  carried  out  for  systems  In  which  the  iteration  potential,  wes 

assumed  to  be  exponentially  rapulslva.  Preliminary  trajectory  calcula¬ 


tions  for  systems  which  have  a  shallow  attractive  minimum  In  the  Interac¬ 


tion  potential  appear  to  agree  with  Keck's  earlier  results  for  (N/No), 
although  error  bounds  of  -  0.06  on  the  value  of  (N/Nq)  are  probably  realis¬ 
tic  In  view  of  our  limited  statistics. 


The  nonequilibrium  correction  factors  (k/k  )  were  calculated  using 

the  classical  diffusion  model  of  the  coupled  vlbratlon-dlssodetlon-recom- 

(32) 

blnatlon  process  developed  by  Keck  and  Carrier.  Agein,  the  results 


of  Keck's  earlier  trajectory  calculations  were  used  to  develop  e  seml- 
emplrlcal  expression  for  the  classical  transition  probabilities  near  the 
dissociation  limit  for  e  rotating  Morse  oscillator.  Although  this  procedure 
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Is  undoubtedly  acceptable  at  high  temperatures,  where  the  major  Interac¬ 
tion  between  the  molecular  atoms  and  the  third  body  takes  place  over  the 
steeply  rising  repulsive  portion  of  the  Interaction  potantlal,  It  may 
lead  to  errors  at  low  temperatures  where  the  effacts  of  the  attractive 
minimum  are  felt.  According  to  the  Kack-Carrler  model,  the  most  Impor¬ 
tant  Interaction  potential  parametar  Is  the  exponential  range  L„.„  , 

HttIj 

which  determines  the  "softness"  of  the  collisions.  Thus, In  an  attempt 
to  account  for  the  attractive  minimum  In  the  actual  potential,  we  have 
used  a  temparatura  depandent  to  calculate  the  nonequilibrium  correc¬ 

tion  factors  by  matching  the  magnitude  and  slope  of  the  Morse  potantlal, 

VN+H  *  at  th®  *nCernucl**r  separation  distances  a^+H  (for  definition 
2  2— 
sea  referanca  13);  these  saparatlon  dlstancas  correspond  to  configurations 

of  the  collision  complax  where  tha  momentum  transfer  Is  maximised. 

Although,  as  Keck  and  Carrier  point  out,  their  model  makes  no 
explicit  referanca  to  molacular  rotation,  rotational  effects  are  approxi¬ 
mately  taken  Into  account  by  using  an  effective  potantlal  to  describe  tha 
molecule  and  by  measuring  the  enargy  coordinate  from  the  top  of  the  rota¬ 
tional  barrier.  A  more  exact  treatment  Is  possible  In  which  the  diffu¬ 
sion  equation  Is  generalised  to  take  account  of  both  the  diffusion  of 
energy  and  angular  momentum.  However,  such  a  treatment  must  await  the 
results  of  further  trajectory  calculations,  and  It  Is  by  no  means  clear 
that  for  homonudear  molecules  It  would  lead  to  significantly  different 
results  from  the  present  "one-dlmenslonal"  approach. 

In  summary,  therefore.  It  would  appear  from  the  comparisons  shown 

(H  ) 

In  Figure  2,  that  the  modified  phase-space  thaory  yields  values  of  k^  2 
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which  are  In  very  good  egreement  with  what  we  believe  to  be  the  most 
accurate  experimental  measurements  and  that  as  a  consequence,  our 
assumed  form  of  the  three-body  interaction  potential  must  be  substan¬ 
tially  correct. 

III.  NOBLE  GASES  AS  THIRD  BODIES 

(14) 

The  case  with  argon  as  the  third  body  has  been  treated  previously. 

Those  calculations  were  based  on  potential  parameters  derived  from  simple 

(33) 

empirical  combination  rules.  Recently,  Luisa  has  completed  a  crltl- 

* 

cel  investigation  of  various  combination  rules,  and  his  detailed  study 

appears  to  provide  consistent  estimates  for  the  potential  parameters 

UtBM  *nd  re  h+M’  which  *re  required  in  our  calculations  of  the  rate 

coefficients.  In  addition,  the  beam  scattering  measurements  of  Hershbech 

(27  28) 

end  his  co-workers  '  '  provide  upper  bounds  to  the  strength  parameter 

^Ure^H+M  *or  th*  varlous  hydrogen  atom-noble  gas  interactions  to  be  con¬ 
sidered.  In  view  of  this,  we  feel  it  opportune  to  present  the  results 
of  modified  phase-space  theory  recombination  rate  calculations  for  hydro¬ 
gen  diluted  in  the  representative  inert  gases:  He,  Ar,  and  Xe.  We  do 
this  in  anticipation  that  measurements  of  these  rates  could  be  made  over 
widely  varying  temperatures  in  the  interesting  low  temperature  ranges. 

The  potential  parameters  used  in  the  calculations  ere  listed  in  Table  I. 

(Ar) 

The  recombination  rate  coefficients  k^  era  plotted  versus  tempera¬ 
ture  in  Figure  3,  together  with  the  available  experimental  data. 

The  lower  full  curve  is  based  on  the  values  of  U„. .  and  r  ....  recommended 


We  are  grateful  to  Professor  John  Ross  of  M.I.T.  for  drawing  our  atten¬ 
tion  to  this  reference. 
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in  reference  (33),  whereat  the  upper  full  curve  was  obtained  using 

the  value  of  U^^/k  ■  60.5°K,  derived  at  an  upper  bound  from  the 

(27  28)  o.i 

beam  scattering  experiments.  *  '  The  value  for  3^^  ■  1.44  A 

(36) 

was  obtained  using  the  empirical  formula  given  by  Mason  and  Vanderellce'  ' 
(14) 

as  before.  The  dashed  curve  was  obtained  using  the  same  values  of 

UH+Ar  an<*  re  H+Ar  **  the  uPPer  curve  but  with  the  reduced  value 

o.i 

of  61HAr  -  1.3  A  .  It  illustrates  the  effect  of  varying  this  parameter; 

l.e.,  by  lowering  the  collisions  are  made  less  impulsive, and  thus 

the  net  recombination  rate  is  reduced.  From  the  comparison  shown  in 

Figure  3,  it  appears  that  the  upper  bound  on  gives  the  value  of  k^Ar^ 

in  best  agreement  with  the  low  temperature  meaeurements  of  Larkin  and 
(1  4) 

Thrush,  '  whereas  at  high  temperatures  all  three  theoretical  curves 
are  probably  within  the  relatively  small  mutual  experimental  scatter  of 
the  shock-tube  measurements.  As  for  the  case  where  M  ■  H^,  we  feel  that 
the  agreement  between  experiment  and  theory  is  very  good. 

The  cases  with  M  ■  He  (full  curves)  and  M  ■  Xe  (dashed  curves)  are 
plotted  in  Figure  4.  Again,  the  lower  curves  were  calculated  using  the 
values  of  U., , w  and  r  ,,1W  recommended  by  reference  (33),  and  the  upper 

Urn  cirri 

curves  were  calculated  using  values  of  UH+M  derived  as  upper  bounds  from 
the  beam  experiments.  The  experimental  data'  *  *  *  *  shown  here  are 

too  scanty  to  say  that  they  support  the  theory  in  detail,  but  there  is 
clearly  no  significant  disagreement.  It  is  apparent  that  careful  experi¬ 
ments  carried  out  over  wide  temperature  ranges  for  the  two  collision 
partners  lie  and  Xe  could  provide  another  Important  test  of  the  theory, 
particularly  at  low  temperatures  where  the  probable  discrepancies  in 
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the  potential  well  depths  should  result  in  marked  differences  in  the 
temperature  dependences  of  k^*^  end  k^e^ . 

IV.  CONCLUSIONS 

The  recombination  of  hydrogen  has  been  regarded  for  a  number  of 
years  as  the  prototype  three-body  reaction  because  of  the  simple  chemi¬ 
cal  structure  of  hydrogen,  but  because  of  its  discrete  energy  level 
structure,  even  in  the  vicinity  of  the  dissociation  limit,  it  was  not 
clear  that  a  classical  description  of  the  collision  mechanics  would  be 
adequate.  However,  the  comparisons  presented  here  between  the  results 
of  the  modified  phase-space  theory  and  the  experimental  measurements 
suggest  that  the  classical  approach  is  quite  satisfactory.  It  may  be 
that  because  the  phase-space  theory,  as  we  have  applied  it,  takes  account 
of  both  the  energy  transfer  mechanism  and  the  chaperone  mechanism,  the 
quantum  mechanical  effects  which  give  rise  to  the  low  temperature  maxi¬ 
mum  in  the  energy  transfer  rate,  as  predicted  by  Roberts,  Bernstein, 
and  Curtiss,  are  masked  by  the  dominant  contribution  of  the  chaperone 
mechanism  to  the  overall  rate.  A  possible  test  of  this  explanation  could 
be  provided  by  the  results  of  rate  measurements,  similar  to  those  of  Ham, 
Trainor,  and  Kaufman,  ^  but  with  He  as  the  collision  partner,  since  it 
is  likely  that  the  H+He  interaction  potential  has  an  even  shallower  poten¬ 
tial  well  than  does  the  H-H^  system. 

As  a  consequence  of  the  comparisons  shown  both  here  and  in  the  previ- 
(14) 

ous  work,  we  suggest  that  the  results  of  carefully  conducted  rate 
measurements  in  thermal  systems  can  be  used  to  deduce  interatomic  poten¬ 
tial  Information  in  the  low  energy  regions  where  molecular  beam  scatter¬ 
ing  techniques  cannot  easily  penetrate. 
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Flnally,  It  Is  Co  be  noted  that  it  le  the  characteristic  features 
of  the  interatomic  potentials  which  primarily  determine  the  magnitude 
of  the  rate  coefficients  and  their  dependence  on  temperature.  Thus, the 
relative  efficiencies  of  various  third  bodies  in  promoting  recombina¬ 
tion  are  unlikely  to  be  correlated  solely  on  the  basis  of  their  atomic 
masses,  which  has  been  a  common  exparlmental  practice. 


TABLE  I 


Mors*  Potential  Parameter* 


Species 

r#(X) 

U  (°K)* 

6  <!-l> 

(a) 

(b) 

h-h2 

3.4 

38 

1.48 

H-He 

3.7 

6.8 

39.2 

1.87 

K-Ar 

4.0 

27.5 

60.5 

1.44 

H-Xe 

4.4 

37.7 

72.4 

1.27 

*(a)  values  racomandad  by  raferanca  (33) 

(b)  values  deduced  from  bean  data,  reference  (27,28). 
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Recombination  rate  coefficients  k^  versus  temperature. 

(Ar) 


kr  theoretical,  see  text  and 


Table  1.  O,  Larkin;  ^  #,  Gay  and  Pratt; (J)  Jacobs, 
Gledt,  and  Cohen; (H)  Hurle,  Jones,  snd  Rosenfeld;^) 
(P)  Patch;  ^  (M)  Myerson  and  Watt;^*^  (S)  Sutton. 
Racomblantlon  rate  coafflclents  k^Ke^  and  k^Xe^  versus 


temparature , 


k*He),  -  k*Xa)  theoretical. 
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